Introduction
The etiological agent of Legionnaire's Disease and Pontiac Fever, Legionella pneumophila, is a ubiquist Gram-negative rod frequently isolated in fresh water. Ecological studies have demonstrated that environmental reservoirs for the Legionellaceae are usually freshwater aquatic systems such as lakes and rivers, as well as soil (Fliermans et al. 1981) . In the environment, Legionella pneumophila adopts a specific life cycle, alternating between a transmissive phase and a replicative phase, that allows the bacterium to colonize and replicate in protozoa. The ability of L. pneumophila to replicate in eucaryotic phagocytic cells in the environment most likely accounts for its ability to infect human lung macrophages and cause a potentially lethal pneumonia (Molofsky and Swanson 2004) . Because of its ubiquity, L. pneumophila also colonizes man-made environments such as water pipes, shower heads, faucets, fountains, spas, air-conditioning systems, and cooling towers. Inhalation of water droplets from these devices can lead to Legionnaire's disease (Bollin et al. 1985) . Various parameters favor the presence of L. pneumophila in water, such as hardness, temperature (between 25 and 458C), corrosion, scale, flow regimes (Lasheras et al. 2006; Liu et al. 2006) , and biofilms (Murga et al. 2001) . Biofilms are fixed microbial communities located at the interface between a biotic or abiotic surface and an aqueous phase (Donlan 2002; Hall-Stoodley et al. 2004) and are considered to be the most important source of water pipe contamination (Berry et al. 2006) . One of the many advantages of a biofilm to L. pneumophila is its increased resistance to stressful environmental conditions and to biocides (Kim et al. 2002; Borella et al. 2005) .
At this time, little is known about surface colonization and biofilm formation by L. pneumophila. Previous studies have shown that in oligotrophic conditions L. pneumophila is able to colonize multispecies biofilms from water systems, (Rogers and Keevil 1992; Rogers et al. 1994) . Some authors argue that other microbial species are indispensable for L. pneumophila to multiply in a biofilm in such conditions (Kuiper et al. 2004; Declerck et al. 2007 ). Hence, these models involve interactions among multiple species, making them poorly reproducible in vitro for subsequent analyses.
More recently, L. pneumophila biofilm formation was studied in a model using the rich growth medium, Buffered Yeast Extract (Piao et al. 2006; Hindre et al. 2008) , to produce monospecies L. pneumophila biofilms. However, Mampel et al. (2006) showed that growth was mostly due to planktonic rather than sessile growth. Also, growth conditions used in these studies could have led to a different biofilm structure compared to that developed in less nutritious conditions. The aim of the present study was to design *Corresponding author. Email: sophie@pecastaings.net conditions that promote the growth of adherent L. pneumophila, not simple cell adhesion, in order to produce a monospecies structured biofilm and to dispose of a more accurate model for in vitro purposes.
Materials and methods

Bacterial strains and growth conditions
Four strains of L. pneumophila were used. L. pneumophila serogroup 1 strain Philadelphia 1 was obtained from the Collection Institut Pasteur, Paris, France (CIP 103854 corresponding to strain ATCC 33152) and was used as a reference strain. Two environmental non-serogroup 1 L. pneumophila strains were also used: one was isolated in a hot water system by the Laboratory of Industrial Microbiology, Toulouse, France , and the other in a mineral water system, by the Institut du Thermalisme in Dax, France (NMW S2-14). The fourth strain was a serogroup 1 environmental isolate from a hot water system, recovered by the Laboratory of Bacteriology and Hygiene of the Hospital of Purpan, Toulouse, France (HW S1). Strains were stored in Eugon broth (bioMe´rieux, Marcy l'É toile, France) plus 15% glycerol (VWR International, Fontenay-sous-Bois, France), at 7808C. All strains were routinely grown on Buffered Charcoal Yeast Extract agar (BCYE, bioMe´rieux, Marcy l'É toile, France), for 72 h at 378C.
Before assays, bacterial suspensions were made by dispersing L. pneumophila colonies from a BCYE Petri dish (from frozen stock) in 10 ml of liquid medium. The optical density at 600 nm (OD 600 ) was adjusted to 0.220, in order to obtain a concentration of . These oligotrophic media were tested with and without an iron and cystein supplement (Legionella supplement, bioMe´rieux, Marcy l'É toile, France) that was used pure (1:1) or in a tenfold dilution (1:10).
Two biofilm broths (BBs), already in use for the formation of biofilms of Pseudomonas aeruginosa, Escherichia coli, or Staphylococcus aureus (Alasri et al. 1992; Pineau et al. 1997; Samrakandi et al. 1997; Campanac et al. 2002; Khalilzadeh et al. 2010) , were tested, viz. BB and modified biofilm broth (MBB). The mineral composition of these broths is similar (Table 1) , however, they differ in their carbon source. MBB contains only one carbohydrate (glucose), whereas BB contains a carbohydrate (lactose) and amino acids (yeast extract and casamino acids). Supplemented biofilm broth (SBB) and supplemented modified biofilm broth (SMBB) are derivations of BB and MBB respectively that were supplemented with iron and cystein (Legionella supplement, bioMe´rieux, Marcy l'É toile, France, 1:10 diluted). Broths were initially prepared as 10-fold concentrated solutions and then autoclaved, except for MgSO 4 , which was prepared and autoclaved separately as a 100-fold concentrated solution. The Legionella supplement (bioMe´rieux, Marcy l'É toile, France) was reconstituted as recommended by the manufacturer. The solutions and the Legionella supplement were then appropriately diluted to obtain the final broths (see composition in Table 1 ).
In addition, a liquid rich medium, BYE (N-(2-acetamido)-2-aminoethanesulfonic acid (ACES)-Buffered Yeast Extract), was used for the tests. This medium, classically used to grow L. pneumophila planktonically (Ristroph et al. 1980) , has already been used to produce L. pneumophila monospecies biofilms (Mampel et al. 2006; Piao et al. 2006; Hindre et al. 2008 ). 
Biofilm production
Bacterial suspensions of the tested strains were prepared and diluted in each tested medium in order to obtain a concentration of either 10 6 or 10 2 cfu ml 71 . Two milliliters of bacterial suspensions were added to the wells of 24-well polystyrene microplates (BD Falcon, San Jose, CA, USA). Microplates were incubated statically at 378C, for 6-20 days according to assays. During the course of incubation, the medium was renewed every 3 days, after two gentle rinsings, in order to eliminate planktonic bacteria and favor sessile growth. Medium selection was made with a serogroup 1 reference strain (CIP 103854) and an environmental non-serogroup 1 strain (HW S2-14).
In-well biofilm samplings were made at least 2 h after inoculation in order to evaluate initial bacterial adhesion, and then every 3 days. Before biofilm collection, planktonic cells were sampled by pipetting directly 100 ml in the bulk phase. After two successive rinsings with 2 ml of SDW, 1 ml of SDW was added and the well was scraped with a sterilized spatula for 1 min in order to detach biofilm cells. Cell quantification was made by culture on BCYE or quantitative PCR (q-PCR).
In order to quantify viable and culturable L. pneumophila (planktonic or adherent), samples were homogenized and serially diluted (10-fold dilutions), and 100 ml of each dilution was spread on BCYE plates and incubated at 378C for 5 days.
q-PCR was used to measure the total DNA in L. pneumophila biofilm samples. DNA was extracted from samples (100 ml), according to the manufacturer's instructions (Genesystems, Bruz, France) described elsewhere (Yaradou et al. 2007 ). Briefly, DNA was extracted using a Genextract device (Genesystems, Bruz, France) , that allows the realization of all extraction steps, and extraction reagents (Genesystems, Bruz, France), by sonication (251 watts, 40 Hz, 20 min) and heat treatment (1008C, 10 min). DNA was purified on a silica column and eluted in order to proceed to q-PCR. DNA samples were analysed in triplicate. A positive (with exogenous DNA) and a negative (without probe) controls were made for each sample. A negative control was made for each extraction batch (with SDW). Calibration curves were made with calibrated L. pneumophila (strain ATCC 33152) DNA (Genesystems, Bruz, France). Results are given in terms of genome units (gu).
Control of planktonic growth
Liquid cultures of L. pneumophila (CIP 103854 or HW S2-14), were performed in BYE (Ristroph et al. 1980) or in SBB, in a neutral glass tube. Tubes were incubated at 378C and 250 rpm using an orbital shaker (New Brunswick Scientific, Edison, NJ, USA), for 72 h. Growth was analyzed by measuring OD 600 at 2, 24, 48, and 72 h.
Confocal laser scanning microscopic (CLSM) observations
For microscopic studies, biofilms were grown as described above, in 6-well polystyrene microplates (BD Falcon, San Jose, CA, USA). Before observing biofilms, 0.5 ml of Syto 1 9 (Syto9, 5 mM, Molecular Probe, Invitrogen, Eugene, OR, USA) was added directly into the wells. No rinsing was performed before observation because moving planktonic cells were clearly distinguishable from fixed biofilm cells, and also because the biofilm growth medium did not create any artifacts. Syto9 is a cell-permeant nucleic acid stain that shows significant fluorescent shift when bound to nucleic acids. This dye was sometimes used with Propidium Iodide (PI, LIVE/DEAD BacLight TM kit, Invitrogen, Eugene, OR, USA), an intercalating nucleic acid dye, as a counterstain. One ml (20 mM in DMSO) of PI was added directly into the wells when necessary. PI is membrane impermeant and stains only cells with damaged membranes or extracellular DNA (eDNA), whereas Syto9 stains damaged and intact cells and also eDNA (Stocks 2004) . Cells with damaged membranes and eDNA, stained with both dyes, appear mostly red because of the fading of Syto9 by PI. However, intact cells appear green. Ohno et al. (2003) validated the use of this kit to detect L. pneumophila viability in water.
Observations were made with a TCS SPII confocal microscope (Leica, Heidelberg, Germany), using a 40 6 (HCX PL APO water, N.A. 0.8) water immersion lens. The 488 nm ray line of an argon laser was used to detect the emission of Syto9 fluorescence, collected in the range between 498 and 533 nm. For PI, an HeNe 543 nm laser was used and the emitted fluorescence was collected in the range between 553 and 623 nm. Samples were scanned in the xy direction with a step size of 0.7 mm. Image stacks are represented as maximal intensity projections (using the Z-project plugin) or volumic reconstructions (using the Volume Viewer plugin), achieved with Image J, a free image analysis program from NIH (Rasband 1997 (Rasband -2009 ). Each image is representative of the results of two assays.
Statistical analysis
Results obtained at different quantification times or with different quantification methods were compared. When comparing sample means, a Student's t test was performed, using MS Excel. Statistical significance was inferred for p 0.01.
Results
Protocol designing for L. pneumophila biofilm formation
With the aim of describing conditions that support the sessile growth of L. pneumophila, three types of media were tested: (i) oligotrophic media and supplemented oligotrophic media, (ii) BBs and SBBs, and (iii) rich medium. Suspensions (10 6 cfu ml 71 ) of CIP 103854 and HW S2-14 strains were incubated in 6 wellmicroplate wells for 6 days before confocal observations. except SBB), BYE and SBB, as maximal intensity projections in the x-y direction (top view) or in the x-z direction (side view).
After 6 days in oligotrophic media or BBs (except SBB), cells adhered to the well surface, as illustrated by Figure 1 , and formed a layer of 8.4 + 0.5 mm above the well surface.
In the rich medium, cells formed a dense layer on the well surface that reached 15.2 + 1.3 mm in thickness (Figure 1) . Aggregates of variable size (from 32 to 64 mm) were disseminated on the cell layer. This type of aggregation is typical in BYE medium and has been described by Mampel et al. (2006) . According to the images, more cells adhered to the wells containing BYE than to those containing oligotrophic media or BBs (except SBB). The ability of L. pneumophila to replicate planktonically in BYE (Ristroph et al. 1980; Mampel et al. 2006 ) probably led to a greater accumulation of cells on the well surface, thus resulting in a dense cell layer.
The formation of larger aggregates was observed in wells containing SBB. Under these conditions, bacterial aggregates reached a maximum height of 294.0 mm, as shown in Figure 1 . Confocal analysis revealed that a layer of 18.0 + 5.7 mm was fixed to the well surface. Aggregates were attached by pillars and developed vertically in the bulk medium (see profile images, Figure 1 ). It was therefore concluded from these experiments that SBB could constitute a good alternative model to produce L. pneumophila biofilms. Considering that BYE medium allows biofilm development that is based on planktonic replication (Mampel et al. 2006) , planktonic growth in SBB medium was then investigated.
Validation of the growth of L. pneumophila in biofilms Because L. pneumophila is a fastidious bacterium, a high number of cfu was initially inoculated in the microplate wells (10 6 cfu ml 71 ) in order to reduce biofilm formation time. In order to check if biofilm formation originated in the growth of adherent cells or in the deposition of planktonic cells, two assays were performed. First, wells containing SBB were inoculated with low levels of bacteria (10 2 cfu ml 71 ) of strains CIP 103854 and HW S2-14 and biofilm formation kinetics and planktonic populations were monitored using culture counts.
The results (Figure 2a) indicate that, for a low inoculum, the adhered population increased with incubation time. After 2 h, biofilms consisted of 51 log (cfu cm 72 ). After 12 days, biofilms consisted of an average of 5.72 + 0.10 log (cfu cm 72 ) for the CIP 103854 strain (n ¼ 3) and 6.84 + 0.03 log (cfu cm 72 ) for HW S2-14 (n ¼ 2). Confocal analyses made in parallel clearly showed evolution into a typical biofilm structure (Figure 2b ). During the adhesion stage (2 h), only a few dispersed cells adhered to the well surface (data not shown), whereas after 6 days a uniform layer of cells was formed and aggregates were evenly distributed on this basal layer for both strains. This structure was stable over a period of 20 days as long as the medium was renewed every 3 days (data not shown). Figure 2a shows that planktonic cells in the liquid medium followed the same development pattern as the biofilm population, even if adherent cells grew on a 7.04 cm 2 surface and planktonic cells developed in 2 ml of medium.
Two hypotheses were possible regarding the origin of the planktonic cells: (i) cells replicated in the planktonic phase and were deposited on the well surface, meaning that growth did not take place in the biofilm, or (ii) cells developed in the biofilm and were released in the planktonic phase. To test these hypotheses, a second test was performed. Suspensions of L. pneumophila (ATCC 33125 or HW S2-14) were made in BYE, as a positive control, and in SBB and incubated with agitation in order to limit biofilm development. Planktonic growth was monitored for 3 days, which correspond to the period between medium renewals in microplate wells. The results are shown in Figure 2c . As expected, in BYE, OD 600 increased from 0.243 + 0.018 to 4.100 + 0.106 (n ¼ 3, p 5 0.01) for strain CIP 103854 and from 0.234 + 0.017 to 2.597 + 0.002 (n ¼ 3, p 5 0.01) for HW S2-14, confirming that both strains were able to grow planktonically in this medium. However, the OD 600 remained steady in SBB for 3 days at 0.199 + 0.033 (n ¼ 6, for both strains). The absence of growth was also verified on SBB agar (as opposed to growth observed on the BCYE control, data not shown). These results demonstrate that planktonic growth does not occur in SBB, hence biofilms in microplates result only from the growth of adhered bacteria. This also implies that planktonic cells in the microplate wells (Figure 2a ) originate in biofilm cells released in the planktonic phase.
Viability of cells in biofilms
Biofilms can contain cells in different physiological states (viable, viable but not culturable -VBNC, dead cells). q-PCR is a method that allows the quantification of total L. pneumophila genome units in a sample, derived from viable cells, VBNC, dead cells, and also eDNA. To verify the proportion of total genome units and culturable cells in biofilms formed in SBB, wells were inoculated with HW S2-14 and also with two other environmental strains (NMW S2-14 and HW S1, 10 6 cfu ml 71 ) and biofilm formation was monitored by q-PCR and culture counts. The results are given in Figure 3 .
Comparison of the data indicated no significant difference between culture counts and q-PCR results for all the tested strains, with the exception of the HW S2-14 strain after 2 h. 3.47 + 0.09 log (cfu cm 72 ) of adhered L. pneumophila cells were quantified by cultivation whereas 4.20 + 0.08 log (gu cm 72 ) were detected by q-PCR. This difference may be due to the presence of dead or non-cultivable bacteria in the inoculation suspension added to the wells. The strong correlation between the culture and q-PCR results indicate that the majority of the adhered cells in samples were viable and culturable. These results also mean that the method used to collect adhered biomass, involving well scraping, does not damage or induce a high mortality rate of biofilm cells and is effective in dispersing cells. Also, eDNA was not detected in the biofilm, probably because it was present in very low quantities, if at all.
These results were confirmed by staining a HW S2-14 biofilm with BacLight viability kit. Figure 4 shows the results obtained on a 7 day-old biofilm (1 day after medium renewal). The image exhibits a majority of green cells in the biofilm, demonstrating that the biofilm was constituted mainly of viable cells and confirming the correlation of culture counts and q-PCR enumeration.
Discussion
L. pneumophila is a fastidious and facultative intracellular bacterium with specific growth needs (Feeley et al. 1978 (Feeley et al. , 1979 Ristroph et al. 1981) , hence it is assumed that monospecies proliferation (planktonically or in biofilm) in oligotrophic conditions is limited. In an oligotrophic medium like tap water, mixed species biofilms are considered as initiators for water system colonization by L. pneumophila. In the environment, biofilms often contain protozoa in which L. pneumophila can develop (Murga et al. 2001; Fields et al. 2002; Kuiper et al. 2004) . Some bacterial species (Guerrieri et al. 2008; Declerck 2010 ) and specific algae are also known to enhance L. pneumophila development in aquatic environments (Taylor et al. 2009 ). In this case, L. pneumophila seems to profit from nutrients excreted by other species, and is thus considered as a secondary biofilm colonizer. For instance, ) stained with Syto9 (a, total cells and eDNA) and PI (b, dead or damaged cells, eDNA). Scale bar ¼ 50 mm. Temmerman et al. (2006) demonstrated that L. pneumophila could grow in oligotrophic media containing heat-killed bacteria (necrotrophic growth), proving that L. pneumophila is able to grow independently of eukaryotes. However, interactions with various protozoan or bacterial species make these models poorly reproducible in studying L. pneumophila growth in biofilms. Since tap water alone is not sufficient to support L. pneumophila growth in vitro, a microplate assay using rich medium (BYE) is now used (Piao et al. 2006; Alleron et al. 2008; Hindre et al. 2008 ). However, Mampel et al. (2006) demonstrated that biofilms produced in these conditions rely on planktonic multiplication.
In the present study, consistent with the literature (Ohno et al. 2003) , no sterile oligotrophic medium (sterile distilled water, mineral water or tap water) allowed the growth of L. pneumophila biofilms (Figure 1 ), even if supplemented with iron and cystein. This implies that the oligotrophic media used here did not contain enough nutrients, or appropriate nutrients, to support the sessile growth of L. pneumophila. The same is true for the BBs, except for SBB, a medium containing amino acids as a source of carbon and a supplement of iron and cystein. Among the BBs, only SBB promoted the growth of L. pneumophila, more specifically in the biofilm (Figure 2) . These results are consistent with previous work showing that the replication of L. pneumophila relies on both amino acids as a carbon source (arginine, serine, threonine, cysteine, valine, and methionine (Ristroph et al. 1981) ), and on a significant iron concentration (Feeley et al. 1978; Hickey and Cianciotto 1997) . In the present study, amino acids were provided by yeast extract, casamino acids, and cystein supplement in SBB, even if their concentration was reduced compared to a rich growth medium like BYE. Hindre et al. (2008) showed that high concentrations of iron (1.25 g l 71 ) inhibited L. pneumophila biofilm formation in rich medium compared to a biofilm grown with 0.25 g l 71 of iron. Here, iron concentration was lowered tenfold (25 mg l 71 ) compared to BYE and this concentration was sufficient to support biofilm growth of L. pneumophila.
In the same study, Hindre et al. (2008) showed that the attachment of L. pneumophila was better in BYE at low temperatures (208C) than at higher temperatures (378C and 428C). This result is seemingly contradictory with the results of Piao et al. (2006) and with the fact that, in the environment, L. pneumophila is most often recovered from warm water systems. In the present study, biofilm production was assayed at different temperatures (22.5, 37.0, and 43.08C, see Supplementary material [Supplementary material is available via a multimedia link on the online article webpage]). It was concluded that, even if biofilms were observed at all temperatures when starting with high levels of bacteria (10 6 cfu ml 71 ), the growth of adherent cells for low initial inocula (10 2 cfu ml 71 ) was observed only at 378C.
The protocol designed here is adapted to the formation of single-species biofilms of L. pneumophila, of all tested strains, via growth of adherent cells. Under the conditions set up in the present study, rinsing eliminated planktonic bacteria every 3 days. A complementary assay showed that planktonic growth was insignificant in SBB during incubation for 3 days if adhesion did not occur (Figure 2 ). It can be concluded that, in SBB, cells grow only when adhered and that cells colonizing the planktonic phase of the microplate wells are the result mainly of the release of cells actively growing in the biofilm (Figure 2a) . Hence, the biofilm acts as a reservoir that allows colonization of the planktonic phase.
The switch between the planktonic state and the sessile state is tightly controlled in bacteria. Various regulatory pathways involving the second messenger cyclic di-GMP have been elucidated (Krasteva et al. 2010; Simm et al. 2004) , some of them being sensitive to environmental cues (like the SinI-SinR system in Bacillus subtilis (Bai et al. 1993; Kearns et al. 2005) ). Biofilm development in media not supporting planktonic development has already been described, eg for P. aeruginosa (Khalilzadeh et al. 2010) or Xyllela fastidiosa (Leite et al. 2004) , and it can be hypothesized that the concentration of nutrients in the medium and/ or the composition of the medium constitute signals for the bacteria to develop in a planktonic or a sessile mode.
According to this information, SBB appears to be a good intermediate solution for forming L. pneumophila biofilms. It is an intermediate solution between an oligotrophic medium, where L. pneumophila is able to survive but not to grow (Ohno et al. 2003) , and a rich medium that favors planktonic growth prior to biofilm formation (Mampel et al. 2006) . Using a microplate model to grow L. pneumophila Philadelphia-1 in a rich medium, Mampel et al. (2006) observed biofilms with a maximum height of 20 mm after incubation for 5 days at 308C. Growing L. pneumophila strain Knoxville-1 for 6 days in BYE at 378C led to the formation of unstructured biofilms 72 mm in thickness according to Piao et al. (2006) . Biofilms obtained with the protocol described here differed substantially from biofilms produced in a rich medium and displayed characteristic features (Figures 1 and 2b ). More specifically, the size of the aggregates reached *300 mm after incubation for 6 days, independently of the initial quantity of bacteria in the wells (10 2 or 10 6 cfu ml 71 ). This is an indication that the SBB medium, compared to the BYE medium, may favor the production of an extracellular matrix, allowing the structuration of cells into aggregates.
Interestingly, the biofilm and planktonic populations of all tested strains reached a maximum level after incubation for 6 days, and then remained stable for 20 days. The culturable biofilm population level stayed constant even though the medium was renewed every 3 days. This result indicates that sessile and planktonic populations of L. pneumophila are regulated in some manner, and that nutrient limitation is probably not the sole cause of that regulation. The microplate model described here, with frequent medium renewal, corresponds to quasi-static conditions. Liu et al. (2006) showed that L. pneumophila biofilm colonization was promoted by turbulent flows in a model plumbing system. It would be interesting to further analyze the flow effect on the structure of biofilms formed in SBB.
The physiology of L. pneumophila (formation of VBNC cells, cell death) is subjected to change when challenged by stresses such as biocide adjunction, temperature variations, low nutrient availability, or an increase in salt concentration (Ohno et al. 2003; Alleron et al. 2008) . Moreover, biofilms are often constituted of cells in various physiological conditions (Kim et al. 2009 ) that can sometimes be recovered with difficulty by culture counts. Promising methods such as q-PCR provide rapid quantification of total DNA in a sample from viable, VBNC, damaged and dead cells (Rompre et al. 2002) and eDNA. q-PCR is currently used to complement standard cultivation methods in enumerating Legionella spp. and L. pneumophila in water (Wellinghausen et al. 2001; Yaradou et al. 2007 ). Comparing the results from culture and q-PCR methods also gives physiological information about bacteria. For example, in a study by Alleron et al. (2008) , the authors described the diminution of culture count results after formation of VBNC cells in their samples (by the addition of monochloramine), while the q-PCR results remained stable. During the biofilm development observed with the present model, no significant difference was observed between colony counts and genome counts, indicating that most DNA detected by q-PCR originated from culturable cells. This conclusion also implies that biofilms did not contain detectable levels of VBNC cells, damaged cells, dead cells, or eDNA.
Syto9/PI staining is another useful method to detect physiological changes in a bacterial population: cells with an intact membrane (viable cells and VBNC cells) appear green (stained with Syto9), whereas damaged cells and eDNA can be observed in the red channel (stained with PI) (Baum et al. 2009; Giao et al. 2009 ). This method, combined with CLSM, is often used to visualize in situ changes in bacterial biofilms subjected to antimicrobial agents (Chiang et al. 2009; Dynes et al. 2009 ). In the conditions tested here, confocal observations of L. pneumophila biofilms stained with Syto9 and PI confirmed that the majority of the biofilm cells were viable in situ (green cells, Figure 4 ) and that damaged bacteria did not have a specific location in the biofilm. These results confirm quantification results obtained by culture and q-PCR that revealed a majority of viable cells in the biofilm.
In conclusion, the present study describes the use of a new medium, SBB, adapted to growing monospecies L. pneumophila biofilms, without planktonic growth. L. pneumophila biofilms formed under these conditions contain aggregates of cells that can range up to *300 mm in height, which means that the SBB medium increases biofilm structuration, most likely by favoring the production of an extracellular matrix. This protocol could be useful for further studies concerning sessile L. pneumophila cells and the characterization of genes and proteins involved in biofilm formation. CLSM analyses revealed that L. pneumophila cells clung together in aggregates but were physically distant from each other (data not shown), compared to a P. aeruginosa biofilm formed in similar conditions (Khalilzadeh et al. 2010) . Further charaterization of the biofilm matrix composition would provide new insights into L. pneumophila biofilm formation and behavior.
